Abstract -A new method to localize and characterize the origin of a quench in a superconducting dipole has been coils due to the developed during the tests of the LHC 1 meter long conductors and superconducting dipole models. It consists of an extended version in use.
I. INTRODUCTION
The fmt LHC twin aperture 1 m long models suffer from premature quenches [l] . A program was started to localize the sources of the quenches, without having the possibility of connecting more voltage taps on the coils already assembled. Particular peaks that initiate the resistive transition have been observed on the voltage taps [2] . These peaks suggest sudden movements of the conductors due to the Lorentz forces, and their analysis helps to understand the causes of the quenches of Fig. 1 The pick-up coil sys such magnets [3] . Coils, mounted originally in both apertures to measure the field harmonics, were connected as well to the quench recorder to pick up the flux changes linked to these fast coils located symme movements. The resulting sharp signals allowed to locate measurements show th longitudinally the quench. Surprisingly, slower perturbations single aperture magnet were also observed, even for quenches not induced by is suppressed by compmng mechanical movements, but due to fast ramp rates or at the across the full length coil (th short sample limit. Calculations using the ratios between the signals observed on the various coils located in the same cross-section of the magnet, can also indicate which block of conductors induces this flux change. The pick-up coil system Oscillations follow these peaks. Their characteristics, measured by the different coils of the detection system, confirm that these peaks result from a sudden movement in the structure. The observations hereafter are deduced from signals taken with the harmonic coils assemblies.
The damping time of these oscillations depends strongly on the magnet smcture. A coil-collar assembly was tested without iron yoke, resulting in almost no damping. Later on, these collars were squeezed into the iron yoke, and the oscillations were heavily damped ( Fig. 3 ). Records were taken from the three assemblies of harmonic coils placed along the magnets bore: two at the ends and one in the central part of the magnet. Coils were oriented perpendicular to the field. After the spike, low frequency oscillations with opposite phases are measured by the end coils while the central coil gives a negligible signal. It could be explained by longitudinal motion of the support of the coils along the magnet bore.
Hitting violently the cryostat excites oscillations with the same frequencies. the pulses detected by the harmonic coils assemblies being perpendicular to the magnet field have the same polarity and similar amplitudes; when the detection system is rotated to be insensitive to the main field component, the peaks amplitude vanishes but the consecutive oscillations remain. This is illustrated in Fig. 4 . 
IV. THE SLOW FLUX CHANGES
Quenches with no peak, characteristic of a conductor movement, induce slower signals on the pick-up coils, indicating another type of local field change, related to a current redistribution in the conductor (Fig. 6 ). Their observation can be difficult when their signals are mixed with the voltage oscillations consecutive to a peak.
The most probable cause for these bumps is that the current is transferred from the quenching strand of the cable to the surrounding strands. Their observation leads to the two following analysis to try and localize the quench, as described below.
A. Localization along the length of the magnet
The various coils located longitudinally see these bumps propagating along the magnet axis (Fig. 5) . The signal on the coils placed in the central part appears simultaneously with the resistive transition recoded on voltage taps. A few msec later, the signal appears on coils located at the magnet ends. The respective measured delays allow a longitudinal resolution better than the length of the detection coil in the case where a constant velocity of the quench propagation can be assumed. The velocity, estimated in this way, is between 10 and 50 m/s, and corresponds to the measured voltage rise on the magnet taps, When the quench starts in the end of the winding, as was observed in most cases, the longitudinal resolution is limited to the length of the pick-up coil. 
B. Localization in the magnet's cross-section
In some cases, it seems possible to determine the start position of the quench in the magnet cross-section, assuming the model for the current redistribution, as described in section V.
The amplitude of the signals of the coils located in the same cross-section differ from each other, sometimes with opposite polarities. This is the case both for coils parallel and perpendicular to the field, and suggest that the sources of these bumps is localised. The model for localizing the quench in the magnets cross-section will concentrate on two types of quenches taken in the following conditions:
-"natural" quenches during training: the current went afterwards to higher values with the same temperature and ramping conditions;
-quenches of lower current values due to a fast ramp of the current in the magnet, inducing eddy current losses: the quench is expected to start in the intemal winding layer and in the mid-plane where the magnetic field is perpendicular to the wide side of the cable.
V. MODELLING OF THE CURRENT REDISTRIBUTION
We will suppose that a quench begins with a redistribution of the transport current in the strands of the superconducting cable of the magnet winding. In first approximation we can model this by a magnetic moment changing with time. Calculations made with several longitudinal positions of the magnetic moment along the magnet cable show that the ratio of the flux changes in the pick-up coils are insensitive to the position. However, it is not clear how shielding currents in the magnet cable can influence the result. Using this model with the three harmonic coils signals we get a range of possible solutions. The best confirmation that the model is reasonable comes from the quenches recorded at high ramp rates, and expected to occur in the mid-plane of the magnet (Fig. 6) . The ratios of voltages measured by the coils located in the same symmetry plane are in fact often consistent with the location of a magnetic moment at the inner conductor edge in the horizontal plane. Quenches provoked by the heaters surrounding the outer winding layer also give compatible amplitudes on the pick-up coils.
In some cases for the quenches at the end of the magnet, the measured voltages are not consistent with the model described and the location of the quench could be only made with respect to the longitudinal direction.
VI. CONCLUSION
It is possible to localize the origin of a quench with the help of assemblies of pick-up coils, placed along the magnet apertures. Voltage taps give clearer results but are delicate to mount in large numbers in a magnet winding. The proposed method is simpler for localizing the quench along the magnet axis, for instance at the ends. The quench localization within the magnet cross-section should be verified, by inducing quenches in known positions, or by a cross-check with enough voltage taps on a dedicated magnet. The fact that a field perturbation is measured at the onset of a quench is interesting for an experimental study of quench phenomena. This method could therefore become extremely useful during the production tests of a large series of magnets.
